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Abstract: The experiment was conducted to estimate combining ability and heterosis for yield, yield attributing traits 
and few grain quality parameters in rice. The crosses were made among three CMS lines i.e., IR58025A, Pusa6A 
and IR68897A and seven pollen parents viz., Sarjoo-52, Jaya, Sasyashree, Swetha, HUR 5-2, PR-106 and BPT 
5204. Twenty one hybrids were generated in line x tester design. The superior hybrids were identified on the basis 
of combining ability effect and heterosis. Cross combination IR68897A/Jaya and IR68897A/BPT 5204 exhibited 
good x good parental GCA effects suggesting that there is additive x additive type of gene action. The cross 
IR68897A/Jaya showed highest positive SCA effect. The higher magnitude of heterosis for all the yield and quality 
traits were not expressed in a single hybrid combination. It varied from cross to cross due to diverse genetic  
background of their parents. The two crosses IR68897A/Jaya and IR68897A/BPT 5204 were found to be heterotic 
for yield and yield traits as well as the grain quality characteristcs. 
Keywords: GCA, Heterosis, Line x Tester, Rice, SCA 
INTRODUCTION 
Rice is an important cereal crop and food for more 
than half of the world population. There is a need to 
increase the rice production to meet the demand of 
ever growing population. Hybrid rice technology is a 
feasible and economically sound approach for yield 
enhancement in rice. The average yield of hybrid rice 
is at least 20 percent more than that of inbred rice and 
it has been anticipated that hybrid rice technology will 
play a key role in ensuring food security worldwide in 
the future decades (Yuan, 2010).  
The choice of appropriate parental lines possessing 
good combining ability is a prerequisite for  
commercial exploitation of hybrid rice technology. 
Hamada (2014) reported the existence of both general 
and specific combining ability among the crosses  
between four CMS lines and three rice restorers in line 
x tester mating design. Similarly, Satheeshkumar and 
Saravanan (2013) crossed six rice ovule parents with 
five pollinator parents in line x tester fashion so as to 
identify suitable general and specific combiners for 
breeding program. Prasad (2014) reported five rice 
genotypes which exhibit significant GCA effects for 
grain yield plant-1 among the crosses between 3  
genotypes with 12 lines in line x tester design,  
indicating the involvement of additive gene action for 
yield and component traits.  
The success of hybrid rice programme mainly depends 
upon good combining ability among parental lines and 
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higher magnitude of heterosis for yield and quality 
traits. Therefore, in the present study an attempt has 
been made to identify some restorers that combine well 
with the CMS line for yield and its component traits 
along with the better quality. 
MATERIALS AND METHODS 
Three WA Cytosterile genotypes (Testers) i.e., 
IR58025A, Pusa6A and IR68897A were crossed with 
seven Lines i.e., Sarjoo-52, Jaya, Sasyashree, Swetha, 
HUR 5-2, PR-106 and BPT 5204 during the wet  
season of 2011.The seed of 21 F1 hybrids obtained 
along with their parents were raised during 2012 in 
Randomized Block Design with three replications to 
evaluate combining ability and heterotic potential of 
the crosses. 
 Twenty one days old seedlings were transplanted in 
field and standard spacing of 20 x15 cm was followed 
for the planting. Single seedling per hill was planted 
and recommended package of practices followed.  
Observations were recorded on three randomly  
selected plants in three replications for sixteen traits 
viz., days to 50% flowering, days to maturity, plant 
height, panicle per plant, panicle length, seeds per 
panicle, yield per plant, 100 seed weight, grain length, 
grain width, brown rice length, brown rice width, 
brown rice length/width, kernel length, kernel width 
and kernel length/width. Due to the male sterile nature 
of three CMS or female lines, their corresponding 
maintainer lines were used for studying yield and  
496  
quality traits.  
Rice varieties, Jaya and PRH-10 were selected as  
inbred Check and Hybrid check, respectively. Mid 
parent heterosis, better parent heterosis, standard  
heterosis and hybrid check heterosis were worked out 
for the above mentioned sixteen traits. The  
significance of different types of heterosis was  
calculated with the help of t-test. Combining ability 
analysis was carried out by the method suggested by 
Kempthorne (1957). Character wise estimation of 
GCA effects of Lines and Testers was done and the 
significance of GCA (General Combining Ability) and 
SCA (Specific Combining Ability) effects were tested 
by t-test. 
RESULTS AND DISCUSSION  
Combining ability: The analyses of variances for  
present study have been given in Table 1. Analysis of 
combining ability for most of the characters revealed 
significant differences among genotypes, crosses, 
lines, testers and line x testers. The results indicated 
sufficient variability existing in material used in the 
present study. Significance of mean squares of lines 
and testers suggested the prevalence of additive gene 
effects. 
The results from present study revealed that none of 
the parents showed significant GCA effects  
simultaneously in the desired direction for all the traits 
studied (Table 2). Moreover, none of the crosses  
exhibited high specific combining ability for all the 
characters (Table 3). Similar findings have been  
reported by Tiwari et al. (2011) and Latha et al. (2013) 
while studying the nature and magnitude of heterosis, 
and combining ability in rice. 
Among the female parents, IR58025A and Pusa6A 
showed significant negative GCA effect for days to 
50% flowering. Among the seven male lines, four  
exhibited significant negative GCA effect for the trait. 
The negative GCA effects indicate their usefulness in 
breeding for early maturing lines. Among the twenty 
one hybrids, SCA effect was found to be significant for 
eighteen hybrids in which nine crosses showed  
positive SCA effects whereas remaining nine hybrids 
showed negative SCA effects for days to 50%  
flowering. The hybrid combination IR68897A/ PR-106 
recorded highest significant negative SCA effect  
(-8.29). The significant negative GCA and SCA are 
desirable as also reported by Tiwari et al. (2011) and 
Latha et al. (2013) while working in line x tester  
mating design for combining ability analysis in rice. 
 IR58025A showed highest significant negative GCA 
effect for maturity among female parents whereas 
three male parents showed significant negative GCA 
for the trait days to maturity. Hybrid IR58025A/BPT 
5204 showed highest negative SCA effect (-8.35)  
followed by IR68897A/Sarjoo-52 (-7.68). Negative 
GCA effect is desirable for days to maturity. The best 
general combiner for grain yield and most of its  
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component traits were often related to late maturity 
with tallness, indicating that the cultivars did not  
transmit both these characters simultaneously in  
desirable directions (Tiwari et al. 2011). Similarly, 
Ghara et al. (2012) found that negative GCA and SCA 
effects are beneficial in case of earliness while  
studying general and specific combining ability on 50 
F1 hybrids in rice (5 cytoplasmic male sterile lines and 
10 restorer varieties). 
Among female parents, the significant negative GCA 
effect was shown by IR58025A (-2.19) and IR68897A 
(-2.45) for plant height. Among male parents, five 
showed significant negative GCA effect for plant 
height. Reduction in plant height is a desirable trait as 
it avoids lodging problem. Among twenty one crosses, 
nine showed significant negative SCA effect for plant 
height. 
Among testers, IR68897A showed highest significant 
positive GCA effect (1.49) and among lines, HUR 5-2 
recorded highest significant positive GCA effect (2.53) 
for panicles per plant. Among crosses, IR58025A/
Sasyashree showed highest significant positive SCA 
effect (2.49) for the trait. Seven hybrids manifested 
significant positive SCA effects among twenty one. 
IR58025A showed highest positive GCA effect (1.01) 
for panicle length among the testers. Among the lines, 
Swetha recorded highest significant positive GCA  
effect (1.81). Among twenty one crosses, eight  
recorded significant positive SCA effect for panicle 
length. Panicle length directly contributes to yield. 
Six crosses exhibited significantly positive SCA effect 
for seeds per panicle. More number of seeds per  
panicle is desirable for high yield and significant  
positive SCA shows existence of non-additive gene 
action. Sen and Singh (2011) reported that high SCA is 
desirable for seeds per panicle in rice as it directly  
contributes towards the yield. Among female parents, 
IR68897A recorded highest significant positive GCA 
effect (2.33) for the trait, yield per plant. Among  
pollen parents, Jaya (5.80) recorded highest GCA  
effect. The cross IR68897A/Jaya showed highest  
positive SCA effect (9.11) for yield per plant  
suggesting good x good GCA interaction between  
parents for yield. Cross combinations IR68897A/Jaya 
and IR68897A/BPT 5204 showed good x good  
parental GCA effects suggesting that there is an  
additive x additive type of gene action. Hariprasanna 
et al. (2006) reported that high x high GCA  
combination resulted in significant negative SCA 
for filled grains and productive tillers per plant in 
rice. The crosses that had significant positive SCA 
for grain yield were obtained from average x  
average GCA combinations; while average x  
average and average x low combinations also  
resulted in hybrids with significant negative SCA 
which is not in agreement with the present study. 
This may be due to the difference in the material 
under study. While working on rice, Chakraborty et 
al. (2009) reported that the superior specific cross 
combinations for high grain yield per hill were  
originated from ‘high x low GCA’ combination  
followed by ‘low x high GCA’, ‘low x high GCA’, 
‘low x low GCA’, ‘high x low GCA’, ‘low x high 
GCA’ and ‘high x high GCA’. Further, these crosses 
exhibited high SCA effects for some other characters 
as well, which is in support of the present finding. The 
hybrid combinations, which show non-significant SCA 
effects (average effects) but originated from parents 
having high GCA effects (additive gene effects), can 
be used for recombination breeding with an easy  
selection of desirable segregates, particularly for  
developing high yielding pure lines due to presence of 
additive gene action (Saleem et al., 2010 and Tiwari et 
al., 2011). Out of 21 crosses only 10% crosses showed 
significant and desirable SCA for grain yield. Tiwari et 
al. (2011) has reported 30% significant and desirable 
SCA among 60 crosses in rice. 
Among female parents Pusa6A recorded highest  
positive significant GCA effect (0.15) for 100 seed 
weight. Among pollen parents, Sasyashree (0.11)  
recorded highest significant positive GCA effect. Out 
of twenty one, ten crosses showed significant positive 
SCA effect for 100 seed weight. High SCA is desirable 
for 100 seed weight. The best cross combinations are 
not always found between high x high general  
combiner. It may also occur in other types of parental 
combinations in rice as reported by Chakraborty et al. 
(2009) and Tiwari et al. (2011). This is in accordance 
to the present finding. 
Among female parents, Pusa6A recorded highest  
positive significant GCA effect (0.45) for grain length. 
High GCA for grain length is a desirable trait, showing 
the additive gene action. Among pollen parents,  
PR-106 (1.26) followed by Sasyashree (0.16) recorded 
highest positive significant GCA effect for the trait. 
Out of 21 hybrids, eight showed significant positive 
SCA for the trait. Among 21 crosses, four crosses 
showed significant negative SCA effect for grain 
width. Seven crosses showed significant positive SCA 
effect for brown rice length whereas six crosses 
showed significant negative SCA effect for brown rice 
width. Six crosses showed significant positive SCA 
effect for brown rice length/width ratio. Cross 
IR58025A/Swetha manifested significant positive SCA 
effect for kernel length and five crosses showed  
significant negative SCA effect for kernel width. 
IR58025A/BPT 5204(0.62) and IR68897A/Jaya (0.57) 
showed significant SCA effect for kernel length/width 
ratio. Higher SCA for kernel length and Kernel length/
width ratio is a desirable trait. The desirability for  
kernel length is dictated by the miller and consumer. It 
is decided by milling %, head rice recovery and  
characteristics of the cooked rice in case of overall 
acceptability of the hybrids.  
Based on the estimates of SCA effects none of the 
cross combinations exhibited significant and desirable 
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SCA effect for all the parameters simultaneously  
indicating that no specific combination was desirable 
for all traits. These results are in complete agreement 
with ear-lier findings (Sanghera and Hussain, 2012; 
Tiwari et al., 2011). They also found that none of the 
crosses exhibited high specific combining ability for 
all the characters in rice. 
The general combining ability (GCA) and specific 
combining ability (SCA) effects are significant for 
most of the characters indicating the importance of 
both additive and non-additive gene effects in their 
inheritance (Sanghera and Hussain,  2012). Similar 
result in rice has been reported by Chakraborty et al. 
(2009). Tiwari et al (2011) reported that it is better to 
select at least one parent possessing high GCA and the 
other a low, average or high GCA to get heterotic  
hybrids in rice. Exploitation of heterosis to develop 
superior rice hybrids using some of the local parents 
with proven GCA and SCA effects has been  
demonstrated as a potentially better method for grain 
yield enhancement in rice (Verma and Srivastava, 
2004). 
Heterosis: In the present investigation, heterosis over 
mid parent (MH), better parent (BH), Standard inbred 
check (SH1) and Standard hybrid check (SH2) were 
estimated for sixteen characters in all the 21 hybrids 
(Table 4). The findings suggested that the magnitude 
of heterosis differed from character to character  
depending on hybrid combination. Latha et al. (2013) 
also reported in rice that the magnitude of heterosis 
varied from trait to trait and cross to cross and none of 
the cross combinations recorded significant heterosis 
for all the traits studied.  
Negative heterosis is desirable for days to 50%  
flowering as it makes the hybrid to mature earlier  
compared to their parents. Among the 21 hybrids,  
fourteen showed significant negative heterosis over 
mid parent value, twenty showed significant negative 
heterosis over better parent value, six crosses exhibited 
significant negative heterosis over inbred check and 
one cross manifested significant negative heterosis 
over hybrid check for days to 50% flowering. None of 
the hybrids showed positive heterobeltiosis for the 
trait. The heterobeltiosis ranged from -25.22% 
(IR58025A/BPT 5204) to 0 (IR68897A/Sasyashree). 
The standard heterosis ranged from -12.9% 
(IR58025A/HUR 5-2) to 13.98% (IR68897A/BPT 
5204). Similarly Tiwari et al. (2011) reported heter-
obeltiosis in rice ranged from -16.57% to 7.27% and 
standard heterosis ranged from -4.22% to -16.57%. 
However, Sen and Singh (2011) has reported positive 
heterobeltiosis (8.21) for days to 50% flowering in the 
same crop. 
Out of 21, fifteen hybrids recorded significant negative 
heterosis over mid parent for days to maturity,  
nineteen hybrids manifested significant negative heteo-
sis over better parent, six crosses showed significant 
standard heterosis over inbred check and two crosses 
showed significant negative heterosis over hybrid 
check. Similar result has been reported in rice by Tang 
et al. (2002), Bhandarkar et al. (2005) and Gawas et al. 
(2007). Sen and Singh (2011) reported significant 
negative heterosis in some of the crosses in their study. 
Soni and Sharma (2011) reported that seven rice  
hybrids recorded negative heterosis for earliness out of 
twenty seven hybrids evaluated. 
Dwarf and semi dwarf plant height is a desirable  
character in rice. Positive heterosis may lead to less 
yield due to unfavorable grain/straw ratio. Dwarfness 
also avoids lodging. Tall plants require more energy to 
translocate solutes to the grain and have lower grain 
weight (Sen and Singh, 2011). Among twenty one  
hybrids, seven hybrids recorded significant negative 
heterosis over mid parent, thirteen recorded significant 
negative heterosis over better parent, seventeen crosses 
over inbred check and fourteen crosses over hybrid 
check. Negative heterosis for plant height was also 
observed by Ghosh (2002), Tang et al. (2002), 
Khoyumthem et al. (2005) and Gawas et al. (2007). 
Similar results were observed by Sen and Singh (2011) 
while studying the heterosis in boro x high yielding 
varieties of rice. 
Out of twenty one, only two crosses (IR68897A/PR-
106 and IR68897A/BPT 5204) recorded significant 
positive heterosis over mid parent for panicles per 
plant. Eleven crosses observed significant positive 
heterosis over inbred check and eight crosses showed 
significant positive hybrid check heterosis. The heter-
obeltiosis ranged from -42.75% (IR68897A/Jaya) to 
10.14% (IR68897A/HUR 5-2). The standard heterosis 
ranged from -11.1% (IR58025A/Sarjoo-52) to 55.56% 
(IR68897A/BPT 5204). Similarly, Tiwari et al. (2011) 
reported heterobeltiosis ranged from -20.66% to 
46.61% and standard heterosis ranged from -19.62% to 
0.18% in rice hybrids. 
Panicle length is an important trait which directly con-
tributes to yield. Among 21 hybrids, five recorded sig-
nificant positive heterosis over mid parent and ten over 
standard inbred check for the trait. The standard het-
erosis ranged from -28.8% (IR68897A HUR 5-2) to 
16.03% (IR58025A/BPT 5204). Similar results has 
been reported by Sen and Singh (2011) and Tiwari et 
al (2011) which is in accordance to the findings of the 
present study. However, Gokulakrishnan and Kumar 
(2013) reported the standard heterosis range of -
21.94% to -0.89% for panicle length in rice. 
Fifteen hybrids recorded significant positive heterosis 
over mid parent, thirteen over better parent, sixteen 
over standard inbred check and ten over standard hy-
brid check for the trait, seeds per panicle. More than 
50% of the hybrids showed significant positive mid 
parent, better parent, standard (inbred and hybrid)  
heterosis for the trait seeds per panicle, which is  
desirable. Sen and Singh (2011) have reported that 
significant positive heterosis for number of grains per 
panicle directly contributes to grain yield in rice. 
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For yield per plant, out of twenty one, only two  
hybrids showed significant positive heterosis over mid 
parent, one over better parent, two over standard  
inbred check and four over standard hybrid check. In 
present study, IR68897A/Jaya recorded 37.6%  
heterosis over standard inbred check (Jaya) and 
70.37% heterosis over standard hybrid check (PRH-
10). The cross, IR68897A/BPT 5204 recorded 13.9% 
heterosis over standard inbred check and 41.3%  
heterosis over standard hybrid check. Virmani et al. 
(1981) suggested that the yield advantage of 20% to 
30% over best available standard variety should be 
sufficient to encourage farmers for adapting the  
hybrid rice cultivation. The range of standard  
heterosis was found to be -45.3% (Pusa6A/Sarjoo-52) 
to 37.6% (IR68897A/Jaya). Kumar et al. (2010)  
reported the standard heterosis ranging from 14.12% to 
65.32% and Gokulakrishnan and Kumar (2013)  
reported the relative heterosis ranging from -29.32% to 
65.73% while working on rice crop. 
Among the 21, only one hybrid observed significant 
positive heterosis over better parent and three over 
standard hybrid check for the trait 100 seed weight. 
Rest other hybrids showed negative heterosis for the 
trait. Increase in grains per panicle, panicles per 
plant and 100 grain weight has positive effects  
towards higher grain yield. The per se performance 
of rice hybrids were in general related to the  
heterotic response for majority of characters (Patil et 
al., 2012).  
For grain length, ten crosses showed significant  
positive heterosis over mid parent, six over better  
parent, seven over standard inbred check and four over 
standard hybrid check. Long grains are more in  
demand than the shorter ones. Significant positive  
heterosis is desirable for the trait grain length. 
Among twenty one, thirteen hybrids showed  
significant standard heterosis over mid parent, eight 
over better parent and six over standard hybrid check 
for brown rice length. For brown rice width, eight  
hybrids recorded negative heterosis over mid parent 
and thirteen over better parent. For brown rice length/
width ratio, ten hybrids showed significant positive 
heterosis over mid parent, five over better parent and 
two over standard hybrid check. The width of kernel 
should be less and the high kernel length/width ratio is 
preferable. 
Only one hybrid exhibited significant positive  
heterosis over mid parent and sixteen showed heterosis 
over standard inbred check for kernel length. Eleven 
crosses recorded significant negative heterosis over 
mid parent and fourteen over better parent for kernel 
width. All the hybrids showed significant negative 
standard inbred heterosis for kernel width. It means 
that all hybrids possess lesser kernel width than inbred 
check and are therefore better than Jaya with respect to 
the trait grain width. For kernel length/width ratio, 
among 21 crosses, seven showed significant positive 
heterosis over mid parent, two over better parent and 
one over standard hybrid check. All hybrids showed 
significant positive heterosis over standard inbred 
check. It means that all the hybrids in the present study 
have better Kernel length/width ratio than the inbred 
check Jaya. Reddy et al. (2012) reported that the  
quantum of superiority expressed by cross combinations 
in rice over better parent for kernel length and kernel 
length / breadth ratio, by and large, was very low and 
for kernel breadth it was low or significant on undesir-
able side. 
There exists the considerable heterosis in both the  
direction for traits, grain length, grain width, brown 
rice length, brown rice width, brown rice length/width 
ratio, kernel length, kernel width, and kernel length/
width ratio. Similar trend has been reported for most of 
the traits in rice by Roy et al. (2009), Sen and Singh 
(2011), Tiwari et al. (2011) and Gokulakrishnan and 
Kumar (2013).   
Conclusion 
Out of twenty one rice hybrids studied, cross 
IR68897A/Jaya showed highest positive SCA effect 
for yield traits. Among the testers, CMS line 
IR68897A was found to be good general combiner, 
whereas among the pollen parents, Jaya followed by 
Swetha and BPT 5204 exhibited good general  
combining ability. The two best heterotic crosses 
IR68897A/Jaya and IR68897A/BPT5204 for yield per 
plant were also found to be heterotic for two or more 
component traits. The higher magnitude of heterosis 
for all yield and quality traits were not expressed in 
any single hybrid combination. Overall, IR68897A/
Jaya and IR68897A/BPT 5204 were found outstanding 
among all crosses for mid parent heterosis, better  
parent heterosis, standard heterosis, hybrid check  
heterosis, GCA and SCA effects for yield and some 
quality traits. It varied from cross to cross due to  
diverse genetic background of their parents. The rice 
hybrids recording positive and significant SCA effects 
and high values of relative heterosis, heterobeltiosis 
and standard heterosis need to be further tested in 
multi-location trials to exploit their heterotic potential. 
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